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SUMMARY - . S e

A two-dimensional wind-tunnel investigation was
made of three low-drag airfoll sections equipped with
sealed internally balanced coéntrodl surfaces dgsipned -
for use as vertical-tall, horizontal-~tail, &and wing
sections. The tests included determinatlon of control-
surfeace 'effectiveness :and hinge moments -and airfoil
sectlon drag characteristics: Balance pressures wére
also measyred for use in eskimating.the, hinge-momént’
characteristics of the control surfaces w;ﬁb any amount
of sealed.internal balance.; L. e S ne

Sharp irregularities occurred in the variation of
the control-surface séction hinge-momént . coefficienﬁ
with airfoil section angle of attack, which were prob&bly
caused by sudden movements 1n transition along the sur-
faces of all three. airfolls at the.exirgmities of the
low-drag range. Tests of the vertical-tdil section
indicated that these irregularities were reduced in
magnitude when.transition was .flxed at . a forward chord-
wise position but were not entirely removed until transi-
tion was fixed at the airfoil leading edge. An estimateéed
varliation.of. aileren wheel force with wing-tip helix
angle for &n assumed airplane indicated that no unusual-
ailepon. . wheel-force characteristics would be. qaused by
the irregularities in the two-dimensional hinge-moment
characteristics. ~Sudden movements in transition along
the. surfaces of vertical-tail or horizontal-tail sectlons,
however, would probably cause. sudden changes in ruddsr or
elevator hinge moments.
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INTRODUCTION

The recent trend toward the use of large high-
speed airplanes has imposed upon the airplane designer
the problem of obtaining adequate control effectlveness —
without excessive control forces while securlng low
values of airfoil drag and high values of critical Mach
number. Data for use by the designer in the prediction
of low-drag-wing characteristics are available
but only & limited amount of deata on two-dimensional
serodsnamic characteristics of control.surfaces on low~
drag sirfoils is available. An Investigation was made
in the Langley two-dimensional low-turbulence pressure
tunnel of two NACA 6bli-series-type airfolls and one
NACA T-series-type airfoil equipped with sealed internally
balanced control surfeces to provide additional data on
two~dimension&al characteristics of control surfaces on
low-drag airfoils. The 6bli-series-type airfoils were
intended for use as tail surfaces and were equipped -
with & rudder and elevator of 0.40 and 0.35 airfoll chord,
respectively. The 7-series-type airfoill was fitted with
an aileron of 0.,22 airfoil chord. .

The tests, which were made at Reynolds numbers of

3 % 106, 6 x 106, and 9 X 106, included the determination v
of control-surface effectiveness and hinge moments and

airfoll section drag characteristics. The pressure

differences across the control-surface seals were &lso

obtainzd for use in estimating the hinge-moment charac-

teristlcs of the control surfaces with any amount of

sealed Iinternal balance.. ' .

SYMBOLS AND COEFFICIENTS

M

The symbols and coefficients used in the presenta-
tion of results are defined as follows:

a - airfoll section angle of attack, degrees

c cherd of airfoil with control surface neutral; ";
measured along maxlmum length line

Cx " Ghord of control surface measured from hinge
axis to tralling edge
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Cy chord of overhang from control-surface hinge axis
to middle of gap seal

5y control-surface deflection with respect to airfoil;
positive when tralling edge is deflected downwani
R .Reynolds number
d4 free-stream dynamlc pressure
b £ota1 Wing span
by span of one aileron
<, root-mean-square chord of aileron behind hinge axis
v 'true'airspeed —
Vi" indicated airspeed
D -lodal static pressure; also, rolling velocity
when used i1n parameter pb/2V
Hy free-séream total pressure - 5
S a;rfoil pressure coefficient "EEE;—'
pb/2V helix angle described by wing tip during roll,
radians
F, = wheel force
) wheel deflection from neutral
G‘?’5 rate of chanse of rollipg—moment.cqefficient
-- with alleron deflection _—
Cyo rate of change of rolling-moment coefficient
p with pb/2V
c, airfoll section 1lift coefficient
Acy increment of ¢ caused by deflectlon of control

surface from neutral

Cg - - airfoll section drag coefficient



e . scoefficient with section argle of att

NACA TN ¥O.

wontrol-surface hinge moment per unit sp

posltive when control surface tends ¢
deflocf dcwnward s T

control~°urface scctlon hinge-moment coe

besed on control—surface chord : __E__
' ' QpCx
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O

fficlent
\c

2

hinge-moment coefficlent of upg oing alleron

estimated for airpléane daring roll

hinge-moment coefficient of dcwngoing aileron

estimated for airplane during roll

seal-pressure-difference coefficient (ra
of pressure difference &acrogs: control
surface seal to free-strecam dyneamic .

tio

pressure }; positive when pressurse below

seal 1s greater than pressure above s

€8sl

rate of change of section lift coefficient

with section angle of attack

with control-surface deflection

“rate of change of section 1ift- coefficient

control-surfacé section effectivehess parameter

(absolute value); also designated as’
s8ileron . : : -

.alleron section effectiveness parameter

k for

(ratio of increment oﬁ_a*rfoil section

angle of attack to increpent of ailer
deflection required to maintain a con
lift"coefficient- absolute value )

rate of change of section hinge-moment

(.

_rate of change of section hinre—mowent e

clent with control surface deflectlon
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The subscript x 1s replaced herein with subscripts
r, e, and a for the rudder, elevator, and alleron,
respectively. The subscripts to the partisl derivatives
denote the varlables held constant when the partial
derivatives are taken, The derivatives are obtained at
zero angle of attack and zero control-surface deflection
except &s noted, ) T~

MODELS AND APPARATUS

The three models, having chords of 2l inches, were
two-dimensional &slrfoil sections designed for use as &a
vertlcal tall, a horizontal tail, and a wing and were
constructed of laminated mahogany. Sketches of the models
are presented as figure 1. Rubber seals were used along
the complete span and at both ends of the control surfaces
to prevent the flow of alr through the gaps,

The pressure difference across the controlwsurface
seals was measured with static-pressure orifices located
above and below the balence plates. A manometer setup,
which integrated the pressures along the floor and ceiling
of the tunnel test section, was used to measure 1ift, and
the wake survey method was used to measure drag. Hinge
moments of the control surfaces were measured with _ _
electrical-resistance strain gages. - e —

The vertlcal-tail section was a 0.155¢ thick symmet- -~
rical airfoil with a presswure distribution (fig, 2)
similar to that of the NACA 6li-series airfoils. The _
model was equipped wlth & 0,10c rudder with a sealed — -

c _

internal balance of 0.412c,, that is, 3? = 0.h12,

The horizontaletall section, which also had a pressure
distribution (fig.3) simllar to that of the NACA 6li-series
airfolls, had a maximum thickness of approximately O,l3c.
The angle of attack for this model was medsured with
respect to a reference line shown In figure 1. The model
was equipped with & 0,35¢c elevator with a sealed internal
balence of approximately O.L3c,, . =

The wing profile had a maximum thickness of approxi-
mately O.1l7c and & pressure distribution (fig, L) similar
to that of an NACA T7-series airfoil. The design section

~ 1ift coefficient is 0.266, for which the position of
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minimum pressure 1s approximately 0.35c on the upper
surface and 0.50c on the lower surface. The airfoll
gection angle of attack was neasured wvith respect to &
reference line shown in figure 1, The model we&s equipped

with a 0.22¢ aileron of true airfolil contour with a sealed

internal balance of.approximately O.hhca.

For the normal smooth condition of the models, the
airfoll surfaces were sanded with No. [ 00 carborundum
paper. to produce ai aerodynamically smooth finish. For
the rough condition of the vertical-taill section, the
model surflfeaces were the same asfor the smooth condlition
but 0.002-inch carbvorundum grains wvere applied to a thin
layer of shellac on both the upper and lower alrfoll
surfaces &t—-various chordwlise positions. The roughness -
strips were. 1.2 -ihches wide at 0.45c, 0.5 inch wide
at 0,30c, O, 15c, and 0.10c, and 3.75 inches wide at the
leading edge (1.875 in. along each surface measured from
the leading edge).

. _TESTS

. Tests of the three models were made in the Langley
two-dimensional low-turbulence pressure tunnel. The
tests ‘ncluded measurements at & Reynolds number of

approximately 6 X 106 of alrfoil 1ift and drag, control-
surface hinge moment, and belance pressure for each
model with verious.deflections of the control surfaces.,
Observatdions of the air.flow. over the surfaces of both
tall sectdions were malle by. means of tuft surveys., Lift
and drag measurements were also made at Reynolds numbers

of approximately 3 X 10b and 9 x 10 for the horizontal-~
and vertical-tall sectlons with the controcl surfaces
neutral.. In addition, the vertical-tail sectlon was
tested at & Reynolds number of 6 x 106 with roughness
strips "applied to both upper and lower airfoil gurflaces
at various chordwise positions. The Mach nymbers . 6
) corresnond%ng to Reynolds numbers of 3.X 109, 6 x 10°,
and 9 were 0.11, 0.1k, and 0.10, respectively.

. Tre following formulas wers used to correct the
. tunnel data to free-air conditlons- ’

CL=F'a@+Q ]ﬁ’_f
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ca =[2 - 26+ gha

do=(1+c)a
qo=11+2A @+ o’
where” '
A factor dependent on alrfoll shape L
c factor dependent on ratio of airfoil size to L
tunnel height '
g factor used.for correcting effect of model upotn

velocity measured by static-pressure orifices

and the primed cuantities represent the values measured
in the tunnel. , e

The values of 2Afc 4+ £} were 0.0115, 0.00979,
end 0.00792 for the wing, vertical-tail, and horizontal-
tail sections, respectivwely. The value of o  was equal
to 0.015 for all three airfolls. ' o LT T

- RESULTS AND DISCUSSION o _f~f~~~~w~—i

Values of the important aerodynamic parameters
measured when a and & are approximately.. .0 for
the three models tested @re presented in the following .
tables. _ | e

-”ééhx - échx oo
SE;_ = b5x o

: Airfoll c{) <ea{>
Airfoll surface Sa LY.
section |.conditlon |\ o/ 6x 5% cy

53(
Rudder Smooth 0.107 | 0.58 -0.003) :-0.0007
Elevator| Smooth .100 | .62 -.0029| -.0023

Aileron | Smooth .101 | .48 -.000l| =-.0013
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Verticaleail Section

Lift hinpe—moment balance—pressure,,and drag data
for the vertical -tail . section with the airfoll surfaces
aerodynamically smooth and also with roughness strips
applied at various cbordwise nositions are presented in
figures 5 to 1. : s

Tift.- The 1ift characteristics of the verticalytail
section-=% a Reynolds number of approximately 6 % 10
are presented in fipure 5 for the airfoil in a smooth

Pnz : ccz
condition. The values of 0a and ‘>
Yo/,

equal to 0.107 and O 062, respectively, and’ %he effecs
0
tiveness parameter _Eﬁf ¢ 1% equal-to 0.58.- The - . .- L
3 T (6] a7 . .o ’ . :_' J_' L
AN . .

incremnent of section lipt coefficlent Ac; - .plotted agalnst

rudder deflection is prgsented in figure 6 Por four sectim
angles of attack from 0~ Lo 127 These curves show that
for smnall rudder.defleciicns the gfifectiveness- rem&ins
constant through- this range ef angle ‘of attack: ‘At rudder
deflections more negative than ~2 the inecrement of .
section 1ift coefficlent increases'with decreasing angle' )
of attack until the air flow over the lower surface of

the rudder begins tv separate. This sepuration occurs at
low angles of attsck for: hlgh negative ruddgr. deflections
as shown in figurss 5 and 6 and was observed by means of
tuft swrveys over the eirfoll surfaces.

Scale effect on the'lift sharacteristios is shown in
figure 7. L1ift measurements were made wWith the, rudder
neutra% at Reynolds numbers of approximately 3 X 10

6 x 10°, and 9 x 10

The effect of filxed transitlion. on the 1ift chareac-
teristics at rudder _deflections of 0°, »5°, and -10
is shown in figure 8. Applicatlon of»roughness to the
airfoil leading edge ceaused an average reductlion in

maximim section 1ift coefficient of approximately 12 percent

but hed a negligible effect on the lift-curve slope

.+

c
with the rudder neutral. The values of (b Z)
' ' o
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and 322)- that were obtainad between rudder deflections
\O%/ ¢, _
of =5° ‘and '0° and at zeroc angle of attack remained the
same 'as for the derodynamically smooth condition, but the
"increment of c¢; caused by rudder deflections of -5°
" and -10° decreased at low angles of attack when transi-
tion was .induced at the airfoil leading edge (figz. 8);
the sharp irregularity in the variatlon of Ac; with &

r
shown in figure 6 was thereby eliminated.

Hinge mpment.~ The varlation of ruddsr sectlon
hinge-momént coefficient cp, With airfoll section

arigle of atteck for *he smooth &irfoll "is presented in
figure 9 for rudder deflections between -19° and 19°
&t 2 Reynolds number of approximately 6 x 10°, (Corre-
spending curves of the pressurs differerce across the
rudder balance seal Ap/q, &gainst a, &are presented
In figure 11, .- Thess data may be used %o estimate the
hinge-~moment characteristics of a rudder of similar
contour and chord by the methods of reference 1. For
the j1.2-percent sealed internsl balance, the values

N \
BC oC '
of < .hr)- - and hr'\ ~were equal to -0.003h

and -0,0007, respectively, for the airfoil surfaces. in a
smooth conditioen. _ , A e

The sharp irregulsritles in the curvses of ¢

against a, (fig. 9) correspond to the 1limlts of the
low~drag range as shown in flgure. 13 and are believed

to be caused by the sudden movements in transition &along
the alrfoll surfaces at the extremlties of the low-drag
renge. The data of flgure 10 were taken at ruddsr
deflections’ of 0°, -5¢, and -10° with trensition strips
placed on the airfoil surfaces at various chordwise
positions to limit the movement of transition. As the
fixed transition was moved forward of the 0.15¢c position -

the irregularities in - _TEE diminished in megnitude
. od., : '
o : Op L .
but were not entirely removad until transition was fixed
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at the airfoll leading edge. The value of (ﬁ_SJE\
b r

with transition fixed at the airfoil leading edge was -0,0009

as compared with -0,003l for the aerodynamicelly smooth
airfovil. A forward position of transition had no signifi-
cant effect on the variation of Ap/q4, with ao (fig.12).

Drag.- Drag characteristics of the vertical-tail
section In a smooth condition are presented in figure 13

at Reynolds number of &approximately 3 x 10.,.6. X% 106,

and 9 X 10~ with the rudder neutral and at s Reynolds

number of approximately 6 x 106 with rudder defiections
between -5° and 5°, Through this range of rudder deflec-
tion the value of the minimum sectlon drag coefficient

and the range of 1ift coefficient for low-drag values
remained 'substantially the same, Drag polars for the air-
foll section with transition strips applied to the airfoil
gurfaces at various chordwlse positions are presented in
Tigure 1l for rudder deflections of 0° and -5°,

'Horizontal-Tail Sectipn

Lift, hinge-momenf, balance-~pressure, and @rég da%a
for the horizontsl-tall section with the airfoll surfaces
gerodynamically smooth are pressnted in figures 15 to 20,

Lift.~ The 1lift characteristics of the horizontal- 6

tail section at a Reynolds number of approximately 6 x 10
ére presented in figure 15 for various elevator deflections
. . . (’bcz \ écL "

betweon -23° and 9°. The values of ° o and | —=

\%0¢
Rte

are equal. to 0,100 and 0,062, respectively, and the

06g

_ e /o
. _ A _
varlation of the lncrement of section 1lift coefficient—-Ag

with elevator deflection is presented in figure 16 for four
section angles of attack from ~4° to 8°. Between elevator
defléctions of =30 and 3° the effectiveness remains constar
throughout™ this range of angle of attack. At-elevator
deflections more negative than -3° the increment of section

Q. . . “ T .
effectiveness parameter 9}  is egual to 0.62. The

S

. ‘I;:'.}ilii'El-
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1ift coefficient increases -with detrcasing section angle
~of attack until, @s in the case of the rudder, the air

flow over the lower .surfece. of. the elevator begins to = o
separate. This separation, which was observed by means of -
tuft surveys over the airfoil surfaces,. causes the sharp

breaks in . the 11ft curves of figure 15 and results in the

decreased value of acy -at‘hligh negative elevator angles

and low angles of attack (fig. 16). At positive elevator
deflections greater than L©, the value of Acj decreases

with. increasing angle of attack, S

L

: The effect of Reynolds .number between 3 x 106
‘and 9 X 106 on the 1lift characteristics. of the horizdéntal-
tail section Wiﬁh the elevator reutral is shown in .
~flgure 17.

Hinge moment.- The elevator section hinge-moment
coefficifents plotted against alrfoll section angle of
attack are presented in figure 18 for elevator deflections
between -23° and 9° at a Reynolds number of approximately

6 x'1o§. As in the case of -the rudder tests, irregulari-
ties 1n the variation of ¢y with a, correspon to
e . :

the limits of the low-drag range &s shown in figufe 20

and are believed to be csaused Hy the sudden movements in

transition a&long the airfoll surfaces ag the extremities
. Ch

of the low-drag range. The wvalue of 3 is equal
g ng -E—-

to -0.0029 and was obtalned at an engle of attack of =2°
because one of the jogs in the hinge-moment curve occurs
at a section angle of attack of 0°, If transition occurs o
on the airfoil swurfaces at a forward chordwise position: -
because of surface irregularities or roughness, the magni- .
tude of the jogs in the curve of the variation of hinge o
moment with engle of attack and the absolute value of

(: {) may be expected to decrease in & manner similar
LAY
3]

: ox
. n
to that of the vertical-tail section. The valuse of‘<;__2;>
| 5Bg

for the aerodynanically smooth horizontal tail section is
approximately -0,0023.
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The varlation of the pressure diffserence across the
elevator baiance seal with a, 18 presented in figure 19
at the same elevator deflections for which hinge-moment
data are presented. The hinge-moment and seal-pressure
data may be used to estimate the hinge-moment charac-
teristics of an elevator of similar conbtour and chord with
any amount of sealed internal balance by the methods of
reference 1. '

DPrag.- Drag characteristics of the horizontal-tall
section are presented in figure 20, These data include

drag polars at Reynclds number of approximately 3 x 106,
6 x 10°, and 9 x 10 withéthe elevator neutral and at-a
Reynolds number of 6 x 10° with the elevator deflected % 2°,

Wing Section

1.1ft, hinge-moment, balance-pressure, and drag data
for the wing section with the airfoll surfaces aesrodyna-
mically smooth are presented in figures 21 to 25,

Lift.~ The 1ift characteristics of the airfoil
section with an aileron are presented in figure 21. The

ocy dey \ _
values of —_ and — are equal to 0.101
éao'ba 0d b

end 0,048, respectiVely. The effectiveness parameter

,éa \-\ . R - e =
( ©1 . is equal to 0,48 or 8L percent of the thin airfoil

55

theoretical effectiveness (reference 2) and 1s approximately
the seme &8 the effectiveness obtainod on the NACA 0009
alrfoil section (reference 3).,

In order to shew the veriation of aileron effective-
ness with 1ift coefficlent and aileron deflection, values
of the effectiveness have been measured between definite
alleron deflections. Thils elffectiveness parameter is

' AGO Aao
designated { __ . Curves of | against ¢, '

AG AS, S
a ey a/cZ

for various aileron deflectlon limits are presented in
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flgure 22, A comparison of the measured effectiveness
between &g = 0° and 10° and &g = 0° and -10°

shows thaet the aileron is more effective for negative

aileron deflections. 4 comparison of the measured
effectiveness betwesen ©6g = 0° and 17° and &5 = 0°

and -17° also shows & higher effectiveness for regative

ailleron deflections except through an approximate range
of section 1lift coefficient from O to 0.3 in which the
effectiveness of the dpown alleron was &about the same &s

that of the up alleron. At the section 1lift coefficients

greater thean approximate;g 0.lp the effectivehess of the
alleron deflected down 17- decreased appreciably. This -
large decrease in effectiveness at high positlve aileron

deflections and section angles of attack, probably caused ~

by separation of the &air 'low over the upper surface of

the alleron, is reflected in & decrease in the effective- .

ness from &, = +10° to &g = %f17°. At section 1ift
coefficients from -0.lL to 0.lL the effectliveness between
the limlts of &g = +17° was almost the seme as that
measured hetween the limits of &g = +10°. The value of
A Cf. o :
when measured bstween 5, = t10° decreased
e _
&g ey
from 0.50 at a section lift coafficient of O £o 0. u8 at
8 section 1ift coefficient of 0.70 or only li percent and,
when measured betwsen 85 = 17° and 6g = -17° decreased

from 0.50 to 0.445 or 10 percent cver the same 1lift-
coefficlient range,

Hinge moment.— The variations of aileron sectlon

hinge-momént coéfficient ¢ with-section angle of
a :

attack a, for all aileron deflections tested &are pr61'
sented in figure 23(a).

7oe, \
a . S
‘) shown by these curves
ga -
toF} -
are probably caused by the sudden movements. in transi-
tion on the upper and lower airfoil surfaces at the

extremities of the low-drag range. - (See fig., 25,) No~
sharp lrregularities are apparent, however, 1n the =

The irregularities in (

L4
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variation of ¢ wi th alleron deflectlion as showh by the

a
bch

curves. of figure 23(%). The values of (:

(écha A - éao /68.
and | eiaewc: are 0.000l &and -0.,0013, respsctively,
‘:\ © Ga a

for the aerogynamically smooth eirfell,

The variation of the pressure difference across the
aileron balance seal Ap/q  with a, 1s presented In

figure 2l for all aileron deflsctions tested. The basic
data of figures 2%(a) and 2L may be used to estimate the
section characteristics of &n aileron of similar contour
and chord with sny amount of ssaled internal balance by
the methods of reference 1.

Drag.- The varistion of section drag coefficient with

section 1ift coefficient at & Reynolds number of approxi-

mately 6 X lO6 for aileron defleétions of_OP, 50, and -50_
is presented in figure 25. The minimum séction drag
coefflcient was approximately the same for the three _
dileron deflections, &lthough the extent of the low-drag
range was reduced with the aileron deflected *5° to about
one-h&lf the range with the aileron neutral.

Bffects of Sudden Movement of Tfansitio@ on
Airplane Control-Surface Characteristics

The two-dimensional data pressnted hereln show sudden
changes in the variation of control-gsurface section hinge-
moment coefflicient with alrfoil section &ngle of attatk
when transition suddenly moves faorwsard along the airfoll
surfaces. The effect of sudden movemcnts of transition
on the alrplane control forces was investigated. In
order to determine whethner ths ilrregularities 1in the two-
dimensional hinge-moment characteristics would cause

P

unusu&al alleron whesl-force characterlistics, the variation

of-wheel force F = with wing-tip helix angle pb/2V for

an assumed alrplane was estimated for varlous indicated
airspeeds (fig. 26). The values of pb/2V were estimated
from the following equation presented in reference l.:

vapp

1]
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SECTIONS EQUIPPED WITH SEALED INTERNALLY -. = -

- : BALAHGED CORTROL- SURFACES

By Albert L. Braslow

SUMMARY - . S e

A two-dimensional wind-tunnel investigation was
made of three low-drag airfoll sections equipped with
sealed internally balanced coéntrodl surfaces dgsipned -
for use as vertical-tall, horizontal-~tail, &and wing
sections. The tests included determinatlon of control-
surfeace 'effectiveness :and hinge moments -and airfoil
sectlon drag characteristics: Balance pressures wére
also measyred for use in eskimating.the, hinge-momént’
characteristics of the control surfaces w;ﬁb any amount
of sealed.internal balance.; L. e S ne

Sharp irregularities occurred in the variation of
the control-surface séction hinge-momént . coefficienﬁ
with airfoil section angle of attack, which were prob&bly
caused by sudden movements 1n transition along the sur-
faces of all three. airfolls at the.exirgmities of the
low-drag range. Tests of the vertical-tdil section
indicated that these irregularities were reduced in
magnitude when.transition was .flxed at . a forward chord-
wise position but were not entirely removed until transi-
tion was fixed at the airfoil leading edge. An estimateéed
varliation.of. aileren wheel force with wing-tip helix
angle for &n assumed airplane indicated that no unusual-
ailepon. . wheel-force characteristics would be. qaused by
the irregularities in the two-dimensional hinge-moment
characteristics. ~Sudden movements in transition along
the. surfaces of vertical-tail or horizontal-tail sectlons,
however, would probably cause. sudden changes in ruddsr or
elevator hinge moments.
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INTRODUCTION

The recent trend toward the use of large high-
speed airplanes has imposed upon the airplane designer
the problem of obtaining adequate control effectlveness —
without excessive control forces while securlng low
values of airfoil drag and high values of critical Mach
number. Data for use by the designer in the prediction
of low-drag-wing characteristics are available
but only & limited amount of deata on two-dimensional
serodsnamic characteristics of control.surfaces on low~
drag sirfoils is available. An Investigation was made
in the Langley two-dimensional low-turbulence pressure
tunnel of two NACA 6bli-series-type airfolls and one
NACA T-series-type airfoil equipped with sealed internally
balanced control surfeces to provide additional data on
two~dimension&al characteristics of control surfaces on
low-drag airfoils. The 6bli-series-type airfoils were
intended for use as tail surfaces and were equipped -
with & rudder and elevator of 0.40 and 0.35 airfoll chord,
respectively. The 7-series-type airfoill was fitted with
an aileron of 0.,22 airfoil chord. .

The tests, which were made at Reynolds numbers of

3 % 106, 6 x 106, and 9 X 106, included the determination v
of control-surface effectiveness and hinge moments and

airfoll section drag characteristics. The pressure

differences across the control-surface seals were &lso

obtainzd for use in estimating the hinge-moment charac-

teristlcs of the control surfaces with any amount of

sealed Iinternal balance.. ' .

SYMBOLS AND COEFFICIENTS

M

The symbols and coefficients used in the presenta-
tion of results are defined as follows:

a - airfoll section angle of attack, degrees

c cherd of airfoil with control surface neutral; ";
measured along maxlmum length line

Cx " Ghord of control surface measured from hinge
axis to tralling edge
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Cy chord of overhang from control-surface hinge axis
to middle of gap seal

5y control-surface deflection with respect to airfoil;
positive when tralling edge is deflected downwani
R .Reynolds number
d4 free-stream dynamlc pressure
b £ota1 Wing span
by span of one aileron
<, root-mean-square chord of aileron behind hinge axis
v 'true'airspeed —
Vi" indicated airspeed
D -lodal static pressure; also, rolling velocity
when used i1n parameter pb/2V
Hy free-séream total pressure - 5
S a;rfoil pressure coefficient "EEE;—'
pb/2V helix angle described by wing tip during roll,
radians
F, = wheel force
) wheel deflection from neutral
G‘?’5 rate of chanse of rollipg—moment.cqefficient
-- with alleron deflection _—
Cyo rate of change of rolling-moment coefficient
p with pb/2V
c, airfoll section 1lift coefficient
Acy increment of ¢ caused by deflectlon of control

surface from neutral

Cg - - airfoll section drag coefficient
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wontrol-surface hinge moment per unit sp

posltive when control surface tends ¢
deflocf dcwnward s T

control~°urface scctlon hinge-moment coe

besed on control—surface chord : __E__
' ' QpCx

1048

an;
O

fficlent
\c

2

hinge-moment coefficlent of upg oing alleron

estimated for airpléane daring roll

hinge-moment coefficient of dcwngoing aileron

estimated for airplane during roll

seal-pressure-difference coefficient (ra
of pressure difference &acrogs: control
surface seal to free-strecam dyneamic .

tio

pressure }; positive when pressurse below

seal 1s greater than pressure above s

€8sl

rate of change of section lift coefficient

with section angle of attack

with control-surface deflection

“rate of change of section 1ift- coefficient

control-surfacé section effectivehess parameter

(absolute value); also designated as’
s8ileron . : : -

.alleron section effectiveness parameter

k for

(ratio of increment oﬁ_a*rfoil section

angle of attack to increpent of ailer
deflection required to maintain a con
lift"coefficient- absolute value )

rate of change of section hinge-moment

(.

_rate of change of section hinre—mowent e

clent with control surface deflectlon

on
stant

&ck

- -

geffl-~

Ll

ik

A
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The subscript x 1s replaced herein with subscripts
r, e, and a for the rudder, elevator, and alleron,
respectively. The subscripts to the partisl derivatives
denote the varlables held constant when the partial
derivatives are taken, The derivatives are obtained at
zero angle of attack and zero control-surface deflection
except &s noted, ) T~

MODELS AND APPARATUS

The three models, having chords of 2l inches, were
two-dimensional &slrfoil sections designed for use as &a
vertlcal tall, a horizontal tail, and a wing and were
constructed of laminated mahogany. Sketches of the models
are presented as figure 1. Rubber seals were used along
the complete span and at both ends of the control surfaces
to prevent the flow of alr through the gaps,

The pressure difference across the controlwsurface
seals was measured with static-pressure orifices located
above and below the balence plates. A manometer setup,
which integrated the pressures along the floor and ceiling
of the tunnel test section, was used to measure 1ift, and
the wake survey method was used to measure drag. Hinge
moments of the control surfaces were measured with _ _
electrical-resistance strain gages. - e —

The vertlcal-tail section was a 0.155¢ thick symmet- -~
rical airfoil with a presswure distribution (fig, 2)
similar to that of the NACA 6li-series airfoils. The _
model was equipped wlth & 0,10c rudder with a sealed — -

c _

internal balance of 0.412c,, that is, 3? = 0.h12,

The horizontaletall section, which also had a pressure
distribution (fig.3) simllar to that of the NACA 6li-series
airfolls, had a maximum thickness of approximately O,l3c.
The angle of attack for this model was medsured with
respect to a reference line shown In figure 1. The model
was equipped with & 0,35¢c elevator with a sealed internal
balence of approximately O.L3c,, . =

The wing profile had a maximum thickness of approxi-
mately O.1l7c and & pressure distribution (fig, L) similar
to that of an NACA T7-series airfoil. The design section

~ 1ift coefficient is 0.266, for which the position of
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minimum pressure 1s approximately 0.35c on the upper
surface and 0.50c on the lower surface. The airfoll
gection angle of attack was neasured wvith respect to &
reference line shown in figure 1, The model we&s equipped

with a 0.22¢ aileron of true airfolil contour with a sealed

internal balance of.approximately O.hhca.

For the normal smooth condition of the models, the
airfoll surfaces were sanded with No. [ 00 carborundum
paper. to produce ai aerodynamically smooth finish. For
the rough condition of the vertical-taill section, the
model surflfeaces were the same asfor the smooth condlition
but 0.002-inch carbvorundum grains wvere applied to a thin
layer of shellac on both the upper and lower alrfoll
surfaces &t—-various chordwlise positions. The roughness -
strips were. 1.2 -ihches wide at 0.45c, 0.5 inch wide
at 0,30c, O, 15c, and 0.10c, and 3.75 inches wide at the
leading edge (1.875 in. along each surface measured from
the leading edge).

. _TESTS

. Tests of the three models were made in the Langley
two-dimensional low-turbulence pressure tunnel. The
tests ‘ncluded measurements at & Reynolds number of

approximately 6 X 106 of alrfoil 1ift and drag, control-
surface hinge moment, and belance pressure for each
model with verious.deflections of the control surfaces.,
Observatdions of the air.flow. over the surfaces of both
tall sectdions were malle by. means of tuft surveys., Lift
and drag measurements were also made at Reynolds numbers

of approximately 3 X 10b and 9 x 10 for the horizontal-~
and vertical-tall sectlons with the controcl surfaces
neutral.. In addition, the vertical-tail sectlon was
tested at & Reynolds number of 6 x 106 with roughness
strips "applied to both upper and lower airfoil gurflaces
at various chordwise positions. The Mach nymbers . 6
) corresnond%ng to Reynolds numbers of 3.X 109, 6 x 10°,
and 9 were 0.11, 0.1k, and 0.10, respectively.

. Tre following formulas wers used to correct the
. tunnel data to free-air conditlons- ’

CL=F'a@+Q ]ﬁ’_f
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ca =[2 - 26+ gha

do=(1+c)a
qo=11+2A @+ o’
where” '
A factor dependent on alrfoll shape L
c factor dependent on ratio of airfoil size to L
tunnel height '
g factor used.for correcting effect of model upotn

velocity measured by static-pressure orifices

and the primed cuantities represent the values measured
in the tunnel. , e

The values of 2Afc 4+ £} were 0.0115, 0.00979,
end 0.00792 for the wing, vertical-tail, and horizontal-
tail sections, respectivwely. The value of o  was equal
to 0.015 for all three airfolls. ' o LT T

- RESULTS AND DISCUSSION o _f~f~~~~w~—i

Values of the important aerodynamic parameters
measured when a and & are approximately.. .0 for
the three models tested @re presented in the following .
tables. _ | e

-”ééhx - échx oo
SE;_ = b5x o

: Airfoll c{) <ea{>
Airfoll surface Sa LY.
section |.conditlon |\ o/ 6x 5% cy

53(
Rudder Smooth 0.107 | 0.58 -0.003) :-0.0007
Elevator| Smooth .100 | .62 -.0029| -.0023

Aileron | Smooth .101 | .48 -.000l| =-.0013
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Verticaleail Section

Lift hinpe—moment balance—pressure,,and drag data
for the vertical -tail . section with the airfoll surfaces
aerodynamically smooth and also with roughness strips
applied at various cbordwise nositions are presented in
figures 5 to 1. : s

Tift.- The 1ift characteristics of the verticalytail
section-=% a Reynolds number of approximately 6 % 10
are presented in fipure 5 for the airfoil in a smooth

Pnz : ccz
condition. The values of 0a and ‘>
Yo/,

equal to 0.107 and O 062, respectively, and’ %he effecs
0
tiveness parameter _Eﬁf ¢ 1% equal-to 0.58.- The - . .- L
3 T (6] a7 . .o ’ . :_' J_' L
AN . .

incremnent of section lipt coefficlent Ac; - .plotted agalnst

rudder deflection is prgsented in figure 6 Por four sectim
angles of attack from 0~ Lo 127 These curves show that
for smnall rudder.defleciicns the gfifectiveness- rem&ins
constant through- this range ef angle ‘of attack: ‘At rudder
deflections more negative than ~2 the inecrement of .
section 1ift coefficlent increases'with decreasing angle' )
of attack until the air flow over the lower surface of

the rudder begins tv separate. This sepuration occurs at
low angles of attsck for: hlgh negative ruddgr. deflections
as shown in figurss 5 and 6 and was observed by means of
tuft swrveys over the eirfoll surfaces.

Scale effect on the'lift sharacteristios is shown in
figure 7. L1ift measurements were made wWith the, rudder
neutra% at Reynolds numbers of approximately 3 X 10

6 x 10°, and 9 x 10

The effect of filxed transitlion. on the 1ift chareac-
teristics at rudder _deflections of 0°, »5°, and -10
is shown in figure 8. Applicatlon of»roughness to the
airfoil leading edge ceaused an average reductlion in

maximim section 1ift coefficient of approximately 12 percent

but hed a negligible effect on the lift-curve slope

.+

c
with the rudder neutral. The values of (b Z)
' ' o
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and 322)- that were obtainad between rudder deflections
\O%/ ¢, _
of =5° ‘and '0° and at zeroc angle of attack remained the
same 'as for the derodynamically smooth condition, but the
"increment of c¢; caused by rudder deflections of -5°
" and -10° decreased at low angles of attack when transi-
tion was .induced at the airfoil leading edge (figz. 8);
the sharp irregularity in the variatlon of Ac; with &

r
shown in figure 6 was thereby eliminated.

Hinge mpment.~ The varlation of ruddsr sectlon
hinge-momént coefficient cp, With airfoll section

arigle of atteck for *he smooth &irfoll "is presented in
figure 9 for rudder deflections between -19° and 19°
&t 2 Reynolds number of approximately 6 x 10°, (Corre-
spending curves of the pressurs differerce across the
rudder balance seal Ap/q, &gainst a, &are presented
In figure 11, .- Thess data may be used %o estimate the
hinge-~moment characteristics of a rudder of similar
contour and chord by the methods of reference 1. For
the j1.2-percent sealed internsl balance, the values

N \
BC oC '
of < .hr)- - and hr'\ ~were equal to -0.003h

and -0,0007, respectively, for the airfoil surfaces. in a
smooth conditioen. _ , A e

The sharp irregulsritles in the curvses of ¢

against a, (fig. 9) correspond to the 1limlts of the
low~drag range as shown in flgure. 13 and are believed

to be caused by the sudden movements in transition &along
the alrfoll surfaces at the extremlties of the low-drag
renge. The data of flgure 10 were taken at ruddsr
deflections’ of 0°, -5¢, and -10° with trensition strips
placed on the airfoil surfaces at various chordwise
positions to limit the movement of transition. As the
fixed transition was moved forward of the 0.15¢c position -

the irregularities in - _TEE diminished in megnitude
. od., : '
o : Op L .
but were not entirely removad until transition was fixed
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at the airfoll leading edge. The value of (ﬁ_SJE\
b r

with transition fixed at the airfoil leading edge was -0,0009

as compared with -0,003l for the aerodynamicelly smooth
airfovil. A forward position of transition had no signifi-
cant effect on the variation of Ap/q4, with ao (fig.12).

Drag.- Drag characteristics of the vertical-tail
section In a smooth condition are presented in figure 13

at Reynolds number of &approximately 3 x 10.,.6. X% 106,

and 9 X 10~ with the rudder neutral and at s Reynolds

number of approximately 6 x 106 with rudder defiections
between -5° and 5°, Through this range of rudder deflec-
tion the value of the minimum sectlon drag coefficient

and the range of 1ift coefficient for low-drag values
remained 'substantially the same, Drag polars for the air-
foll section with transition strips applied to the airfoil
gurfaces at various chordwlse positions are presented in
Tigure 1l for rudder deflections of 0° and -5°,

'Horizontal-Tail Sectipn

Lift, hinge-momenf, balance-~pressure, and @rég da%a
for the horizontsl-tall section with the airfoll surfaces
gerodynamically smooth are pressnted in figures 15 to 20,

Lift.~ The 1lift characteristics of the horizontal- 6

tail section at a Reynolds number of approximately 6 x 10
ére presented in figure 15 for various elevator deflections
. . . (’bcz \ écL "

betweon -23° and 9°. The values of ° o and | —=

\%0¢
Rte

are equal. to 0,100 and 0,062, respectively, and the

06g

_ e /o
. _ A _
varlation of the lncrement of section 1lift coefficient—-Ag

with elevator deflection is presented in figure 16 for four
section angles of attack from ~4° to 8°. Between elevator
defléctions of =30 and 3° the effectiveness remains constar
throughout™ this range of angle of attack. At-elevator
deflections more negative than -3° the increment of section

Q. . . “ T .
effectiveness parameter 9}  is egual to 0.62. The

S

. ‘I;:'.}ilii'El-
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1ift coefficient increases -with detrcasing section angle
~of attack until, @s in the case of the rudder, the air

flow over the lower .surfece. of. the elevator begins to = o
separate. This separation, which was observed by means of -
tuft surveys over the airfoil surfaces,. causes the sharp

breaks in . the 11ft curves of figure 15 and results in the

decreased value of acy -at‘hligh negative elevator angles

and low angles of attack (fig. 16). At positive elevator
deflections greater than L©, the value of Acj decreases

with. increasing angle of attack, S

L

: The effect of Reynolds .number between 3 x 106
‘and 9 X 106 on the 1lift characteristics. of the horizdéntal-
tail section Wiﬁh the elevator reutral is shown in .
~flgure 17.

Hinge moment.- The elevator section hinge-moment
coefficifents plotted against alrfoll section angle of
attack are presented in figure 18 for elevator deflections
between -23° and 9° at a Reynolds number of approximately

6 x'1o§. As in the case of -the rudder tests, irregulari-
ties 1n the variation of ¢y with a, correspon to
e . :

the limits of the low-drag range &s shown in figufe 20

and are believed to be csaused Hy the sudden movements in

transition a&long the airfoll surfaces ag the extremities
. Ch

of the low-drag range. The wvalue of 3 is equal
g ng -E—-

to -0.0029 and was obtalned at an engle of attack of =2°
because one of the jogs in the hinge-moment curve occurs
at a section angle of attack of 0°, If transition occurs o
on the airfoil swurfaces at a forward chordwise position: -
because of surface irregularities or roughness, the magni- .
tude of the jogs in the curve of the variation of hinge o
moment with engle of attack and the absolute value of

(: {) may be expected to decrease in & manner similar
LAY
3]

: ox
. n
to that of the vertical-tail section. The valuse of‘<;__2;>
| 5Bg

for the aerodynanically smooth horizontal tail section is
approximately -0,0023.
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The varlation of the pressure diffserence across the
elevator baiance seal with a, 18 presented in figure 19
at the same elevator deflections for which hinge-moment
data are presented. The hinge-moment and seal-pressure
data may be used to estimate the hinge-moment charac-
teristics of an elevator of similar conbtour and chord with
any amount of sealed internal balance by the methods of
reference 1. '

DPrag.- Drag characteristics of the horizontal-tall
section are presented in figure 20, These data include

drag polars at Reynclds number of approximately 3 x 106,
6 x 10°, and 9 x 10 withéthe elevator neutral and at-a
Reynolds number of 6 x 10° with the elevator deflected % 2°,

Wing Section

1.1ft, hinge-moment, balance-pressure, and drag data
for the wing section with the airfoll surfaces aesrodyna-
mically smooth are presented in figures 21 to 25,

Lift.~ The 1ift characteristics of the airfoil
section with an aileron are presented in figure 21. The

ocy dey \ _
values of —_ and — are equal to 0.101
éao'ba 0d b

end 0,048, respectiVely. The effectiveness parameter

,éa \-\ . R - e =
( ©1 . is equal to 0,48 or 8L percent of the thin airfoil

55

theoretical effectiveness (reference 2) and 1s approximately
the seme &8 the effectiveness obtainod on the NACA 0009
alrfoil section (reference 3).,

In order to shew the veriation of aileron effective-
ness with 1ift coefficlent and aileron deflection, values
of the effectiveness have been measured between definite
alleron deflections. Thils elffectiveness parameter is

' AGO Aao
designated { __ . Curves of | against ¢, '

AG AS, S
a ey a/cZ

for various aileron deflectlon limits are presented in
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flgure 22, A comparison of the measured effectiveness
between &g = 0° and 10° and &g = 0° and -10°

shows thaet the aileron is more effective for negative

aileron deflections. 4 comparison of the measured
effectiveness betwesen ©6g = 0° and 17° and &5 = 0°

and -17° also shows & higher effectiveness for regative

ailleron deflections except through an approximate range
of section 1lift coefficient from O to 0.3 in which the
effectiveness of the dpown alleron was &about the same &s

that of the up alleron. At the section 1lift coefficients

greater thean approximate;g 0.lp the effectivehess of the
alleron deflected down 17- decreased appreciably. This -
large decrease in effectiveness at high positlve aileron

deflections and section angles of attack, probably caused ~

by separation of the &air 'low over the upper surface of

the alleron, is reflected in & decrease in the effective- .

ness from &, = +10° to &g = %f17°. At section 1ift
coefficients from -0.lL to 0.lL the effectliveness between
the limlts of &g = +17° was almost the seme as that
measured hetween the limits of &g = +10°. The value of
A Cf. o :
when measured bstween 5, = t10° decreased
e _
&g ey
from 0.50 at a section lift coafficient of O £o 0. u8 at
8 section 1ift coefficient of 0.70 or only li percent and,
when measured betwsen 85 = 17° and 6g = -17° decreased

from 0.50 to 0.445 or 10 percent cver the same 1lift-
coefficlient range,

Hinge moment.— The variations of aileron sectlon

hinge-momént coéfficient ¢ with-section angle of
a :

attack a, for all aileron deflections tested &are pr61'
sented in figure 23(a).

7oe, \
a . S
‘) shown by these curves
ga -
toF} -
are probably caused by the sudden movements. in transi-
tion on the upper and lower airfoil surfaces at the

extremities of the low-drag range. - (See fig., 25,) No~
sharp lrregularities are apparent, however, 1n the =

The irregularities in (

L4
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variation of ¢ wi th alleron deflectlion as showh by the

a
bch

curves. of figure 23(%). The values of (:

(écha A - éao /68.
and | eiaewc: are 0.000l &and -0.,0013, respsctively,
‘:\ © Ga a

for the aerogynamically smooth eirfell,

The variation of the pressure difference across the
aileron balance seal Ap/q  with a, 1s presented In

figure 2l for all aileron deflsctions tested. The basic
data of figures 2%(a) and 2L may be used to estimate the
section characteristics of &n aileron of similar contour
and chord with sny amount of ssaled internal balance by
the methods of reference 1.

Drag.- The varistion of section drag coefficient with

section 1ift coefficient at & Reynolds number of approxi-

mately 6 X lO6 for aileron defleétions of_OP, 50, and -50_
is presented in figure 25. The minimum séction drag
coefflcient was approximately the same for the three _
dileron deflections, &lthough the extent of the low-drag
range was reduced with the aileron deflected *5° to about
one-h&lf the range with the aileron neutral.

Bffects of Sudden Movement of Tfansitio@ on
Airplane Control-Surface Characteristics

The two-dimensional data pressnted hereln show sudden
changes in the variation of control-gsurface section hinge-
moment coefflicient with alrfoil section &ngle of attatk
when transition suddenly moves faorwsard along the airfoll
surfaces. The effect of sudden movemcnts of transition
on the alrplane control forces was investigated. In
order to determine whethner ths ilrregularities 1in the two-
dimensional hinge-moment characteristics would cause

P

unusu&al alleron whesl-force characterlistics, the variation

of-wheel force F = with wing-tip helix angle pb/2V for

an assumed alrplane was estimated for varlous indicated
airspeeds (fig. 26). The values of pb/2V were estimated
from the following equation presented in reference l.:

vapp

1]
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.. ,L':-‘-. 6 k AS Pt P St
b’ & . Lo (1)

2y k- 1.6 CZ-'.'_ :
b
Test values of Aao_ werepsubstitutec incequation (1) -
T BRI S R
for the product k Aﬁa,_ and values af __E, and G

. . s . p o

.. - - =i o
eqLal to O %Kl and O hﬁa, respectivelv, were.obtained: - !
from-reference: ki by use: of!. the fallowing sssumed air-. ..

plane dimensions* Frees P e A SO SN
L el A T N LT e F i Ches SgoctiTEs —
Wlng qpan, feet Chl e e ey et e e et s e e SPONE
Wing area, square feet B T L I T B 15 ﬁ
Winﬂ loading, pounds per square Ioot . . . . o .- 5
AS'QGC'D’ I‘B;tic - '_'"".n Ri.s e . s & @ b "¢ 8 e et e W7 ‘ : 9 A
Taper ratio .:iv:h i ;,;~u-y-,j.3u;,_, B A S R b :
Aileron. sp&n feetr « TRl e . Yo s e, e e illl5 T
Allerion - root-mean— square dbord.behind X Lo s TR -
hince. axis, feet’ e o e s A A I
Aileron- locauion,,frdctLOq of semisPan:- L FIT I
Inboarﬂ. m& -; « o .e. .8 @« "o @ s, e _. - . . e e ,-"Ov66,8': -
Outbﬁal’d ‘end 3 elcs e e e . e e & P . e v o e l.OOO, ’
‘Vheel di&mter, feet v e i 8 e 8 s el e e e e e 11083 .
Max Lmum; Wheel deflection, degrees e e e s W iee e TITH. -
Wheel forces were estimated from the equation
' : ! v -
.. q b Y -p’ /dﬁ S £ T A R
F, = ata { a _ ./ch'\. ce (2 (Cné.)- : E(2)
Wheel radius ‘\ de V.'%Lup.‘r de/&o"' down
- . P : foa -l '{".:' LR 1 s ) _- __J o
The aileron.hingé-moment ooefficients (ch B and Cﬁl \
\ "8/up . / down

were estimated from the section data for the’ airplane in
a steady roll. Vsalues of these coefficients were taken
at given aileron angles and corrected for the change in
angle of attack at the aileron midspan caused by the roll,
Equal up &nd down aileron deflections and & maximum Nheel
_ deflectipn of 175°‘were used. . :

Because the values of. pb/2V  were not correcteq for
wing twlsty,: control—system stretch or. adverie, yaw. and. the
Sect;on hinge-moment coefficients were. nat corrected. for
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aspeot-ratio effects, the estimated values of pb/2V
and F, are not quantitatively accurate. The values are
useful, however, to show the qualitative variation of
wheel force with wing- tip helix anglé.

No sudden changes in the estimated variation of Fy

with pb/2V are apparent in figure 26, which indicates
that inclusion of the hinge moments due to the deflectlon
of both ailerons tends to eliminate the irregularities in
the hinge-moment variation with angle of attack alone.

If the angle of attack were -varied with the ailerons
neutral, however, both the right and left allerons would
tend to move iIn the same direction when the change in
angle of attack causes transition to move forward suddenly,
and tre.effect would be absorbed in the aileron rigging
with no change in the wheel fores,

Eata recently obtained in the Langley stabllity
tunnel indicate that sudden movements of transition
cause irregularities in the varlation of hinge-moment
coefficient with angle of. attack in three-dimensional
flow as, well as in two-dimensional flow. Sudden move~
ments of transition a&long the surfaces of vertical-or
horizontal-tail sections, therefore, will probably cause
sudden changes in rudder or elevator hinge moments. The
data obtainad ,with transition ‘fixed at various locatlons
8long .the airfloll sqrfaces, however, tndicate 'a decrease
in the severity of the jogs in the veariation of— ch

with a, as“thé location of trensition is moved toward
~the airfoll leading edge. ©Sudden changes in elevator and
rudder forces, therefore, seem less llkely to occur on

an airplane since the full extent of laminar flow on
production airplanes has not been realized because of
manufacturing irregularities and surface deterioration in -
service and because transition is induced near or at the
leading edge of tall surfaces that are located within the
propeller slipstream or wing and fuselage wake.

CONCLUDING REMARKS

Results of a two-dimensional wind-tunnel investigation
of a low-drag vertical-tall, horizontal-tail, and wing
sectlion equipped with sealed Iinternally balanced control
surfaces have been pressented. Shérp irregularities
occurr=d in the- variation of the control-surface" section



NACA TN No. 1048 17

hinge-moment coefficient with section angle of attack,

which were probably caused by sudden movéments in transi-
tlon along the surfaces of the airfoils at the extremities
of the low-drag range. Tests of the vertical-tall section
Indicated that these Iirregularitles were reduced in magni-
tude when transition was fixed at a forward chordwlise
position but were not entirely removed until transition

was fixed at the airfoil leading edge. An estimated varia-
tlon of aileron wheel force with wing-tlp helix angle for
an assumed airplane indlicated that no unusual alleron
wheel~force characteristics would be caused by the
irregularities in the two-dimensional hinge-moment charac-
teristics. Sudden changes 1n rudder or elevator hinge _
moments, however, would probably result from sudden move-
ments in transition &long the surfaces of the vertical-or
horizontal-tall sections. If transition should occur at
or near the leading edge of the tail surfaces, as 1s
usually the case for tail surfaces located within the
propellier slipstream or wing and fusclage wake, no sudden
changes would occur in the control-surface hinge moments,

-

Langley Memcrlal Aeronauticel ILaboratory -
National Advisory Committes For Aeronautlics
Langley Field, Va., March 8, 1946
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